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In tlic })rcscnt enli^iitcMied opocli of couiprehcn.six'c zooloi^ical 
thought, one is justly considoied us unfujiiuted and nan(»\v-mind(‘d 
if, in tlic study of any group of oi-ganisms, careful aticntion is not 
given to their fossil re})rescntat ives. ^'et in jnany eases the eoni- 
bination of recent sj>ccies with theii- fo.ssil lepresentatives and luair 
relations forms a mass very dinicult of mental digestion, and it is 
found that the best lesidts are attained by studying each eomjxnient 
separately and tlien (‘ombining the acquired data. 

The study of the Crinoidea has always been approached from the 
paleontological stand]n)int as a natural corollary of the ])r(‘})onder- 
ancc of the fossil over the recent sj^ecies; but a eompaiative study 
restiicted to recent forms alone brings out certain ])oints well worthy 
of consideration, and emphasizes certain facts not so evident if 
recent and fossil species arc studied all togethei'. 

In the present |)a|:)er all the recent crinoid groui)s will be talom u|) 
and their various interrelationshi])S shown, without refereiua' to any 
of their fossil relations, as if there were none but recent ciinoids, in 
the hoj)e that this unic{ue and more or less illogical treatment will 
call attention to certain ])oints hitheilo more <»r less obscuix'd. 

In studying the recent crinoids I have beconu' inq)r('ss('d with the 
fact that the stems offer the best ciiteria for tracing out jdtylogeiu't ic 
rclationsliips; a critical study of the steins has shown that all the 
types converge, both phylogimetically and (where observations have 
been possible) ontogenetically to a common c(“ntei'. -Xovt in ijiipor- 
tance to the stems come the basals, and using these two structures 
alone we can form a very satisfactory phylogenetic tree. 

On th(' characters offered by thestejii and basals, tlu* r(‘c(‘nt crinoids 
fall into thre(* shai’ply diffeient iated gi‘ou|)s, as follows; 

a*. SliHii Ehort and sloiit, unjoinlcti . /Inlnpus. 

(r. Sloin lom^ and slender, willi many joinls. 

6*. SUnn without cirri or iiodcbs; the hasals ar<‘ inclimMi upward ni«>r(‘ or h‘ss loward 
a position jiarallel to tlu^ dorso-v(*ntral axis, (‘indosin^^ a cu])-sliap(*d cavily, 
and form part of ihe lateral body wall. 

Phnjnorrinus; Plilorrittus; ( \ihiinorriinis: I Ij/ornnvs: (h phjfnx’n Nfts; 

lUtUufcrin ns; Uhizorntms^ 

6-. Stem with (*irri, formim^ om* or mon* nodes; the hasals an* horizontal, <>r have 
beconu' metam()r}>hosed, and do not form ]>art of (he lal(*ral body wall. 

rnnnilniKln: /^ nlarrimt n!:* . 
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Wero tljoiv no such ihinj^s a.s fossil crinoids, oacli of (hose <>toui)S 
would have the standiu”; of an orchuv and for iho ])ur|)osos of this 
pajKM- thev may Ix' refonod (o as (1) the TToloj)ida, (2) the Ptilo- 
crinida. and (3) the Comatulida. 

d'he stem of IIolopus is of the sunj)lest possible construction, 
h(‘in<^ practically l)ut a simple thickcniiip: of the primitive central 
plate. Our Holopida. therefore are a surviviu(>: early offshoot from 
the main line of de.seent, representing a developmental sta^e of 
^reat anticiuity, before the inception of articulations in the crinoidal 
base. 



] have (dsewhere shown that the theoretically most primitive ty]>c 
of articulated crinoidal columnar is that foimd in Rltizocrinus, and. 
csj)ecially, Rathyaimis; these two j^enera, thei('for(', stand at the 
foot of the Ptilocrinida, thouj^h not on the same plane, for the second 
is much juore specialized than the first. The stem of Phvynocnnw: 
is a curious and unique adaptation of the jirimitive articulated col- 
umnar to a great increase in size and the necessity of sujiporting a 
gi-(*atly increased weight; the individual columnai’s of Plmjnocnnus 
are niorjihologically the same a.s tho.se of Bathyennus, lyit modified 
by being gieatly shortened, the diminution in length being correlated 
with a broadening of the terjninal ellij)ses. The family Phryno- 
crini(h-e tluMi'fori' marks the furthest development in the line of the 
siinj)lest jiossible adajitation to increasing stress of a column of the 
tv|)e found in the Khizocrinida'. in vm v large specimens of Jiathy- 
cnints we notice that the |)riinitive fulcral ridge on the articular 
faces of tlu' cohunnars shows a temlencv to form a ])air of triangular 
structui'es with their ajiices at the central canal, and these triangular, 
or more |)ro|)eiiy fan-like, st ruct ures arc' marked more oi‘ less (list inctly 
with radiating lines, d'his indicates a second line of adajitation to 
increased stress, which eventually results in the formation of circular 
art iculai' surfaces uniformly covered with radiating line's. Such articu- 
lar surfaces ai'c common to Ptilocrinus, (^ilamooiiuis, Grphyrocriniis', 
and llyocnuus, and therefore we should gi’oup tlu'se four genera, 
togethc'r (a course already in |)art indicated by Doctor Bather) 
making of itu'm the sujcerfajuily llyocrinoida which, most obviously 
on tlu' basis of (he arrangc'inent of the braehials, falls into (wo 
families, Pt ilociinidie a nd 1 lyocrinida'. 

Tlu' gi'cat oi'dc'r of the' C'omatulida, ami (he family Pentacrinit iche, 
to which the' vast majority of the recc'nt forms hc'long, rc|)r('senl a 
higher state' of developine'ut and phylogenetic (as ojeposed to generic 
or fjimily) s|)('cializat ion than (he Ptilocrinida; for we* line! that the* 
primitively uniform ste'in of (he latter in (his grou]) is moditied by the 
de'velopme'nt , at re'gular intervals, of e-irrifc'rous node's ; and thel)asals, 
which throughout the e'e'hinode*rms form part of the* body wall and in 
the 1 h'teroradiata lie in (he sjime ])lane as the radials, forming in con- 
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junction with tluMu a doisal cui), here hav(‘ eonu' to li(‘ horizont all v, 
ha\'C moved inward, and jiave Ixa-onu' more or l(*ss atrophied or mela- 
morpliosed, takinj>;no part what<‘ver in t he foiination of anything hut 
llio bottom ol‘ tin* eup, d'lu' C\)inat ulida aia‘ shai’ply dividcal int(» t wo 
parts: (1) Those species in which thest(Mu is retained t hrouydioiit lile, 
and (2) those in whieh it is cast o(V at an eaily sta^^e — the Ikmtacrini- 
lidic and the Comat ulida. 

So far as can be judged fi-om the available facts, the earliei- stayo> of 
those two irrouj)s is tin' same; a dorso-cent lal lik<' that of PIm/iiocnnuft, 
or a root like that of PJiizocnnii.<t, suj>ports a Bathijcn nu s-Wki' st('m, 
whicli in turn beai’s a crown in whi(d» the basals arc' lai-<te and foiin 
part of the dorsal cup exactly as in RJihocn mifi, and lar^e orals are 
])resent, as in the Ilolopida and I’tilocrinida j^c'in'rally. But after the 
formation of a cei'tain number of columnars. approximatc'ly dc'finite 
for each species, a specialized columnar is formc'd wlcich is united to 
tlie preceding by a ])lane articular surface instc'ad of by an articular 
surface comprising the usual fulcial ridge and ligament fo.ssa', and 
whieh gives off radially five aiticulated processes, tin' cirri. At this 
stage the basals, at first large and an important and ('ssential ]iart of 
the wall of the calyx cuj), have' considerably diminished in tln'ir 
external size, due to having become moi-e recumbent in position, and 
to having slip])cd inward umh'r the central ])arl of the (hasal cup. 

Fi'om this ])oint onward the paths of the Pc'ntacrinitiche and the 
Comatiilida divei-ge. In the former a new series of columnars, rc'sem- 
bling the first seric's, is added on top of the cirriferous nodal, this sc'i ii's 
also terminating, as did the first, in a nodal, a si'cond cirriferous 
columnar, separated from the first by about the same numln'r of 
ordinary columnars as se])arat('d the first from tin' dor.so-eeiitral. 
This process is continued ; new columnars arc adch'd one by one, ('very 
so often one lieing formed with a whorl of cirri; with incn'asing size* 
the columnars gradually Ix'conu' short ('r, and tlu' ])rimitive fulcra! 
ridge little by little s])reads out into two fan-lik(' figures, which hav(' 
indicated radiating lines. The structure of tlu' basals has not changc'd 
since the formation of the first nodal and its whorl of cirri; they arc* 
much reduced in size and li(' horizontally so that tiu'ir siih's ari' dorsal 
and ventral, and their ('dges outward. As each cohimnar is fornu'd, 
either directly under tin' basals or, in later life, by inti'rcalat ion 
between tlic uiiper columnars, it is cast in a. mold formed by tlu' 
underside of the basals, and tlu'reby lu'cenu's modific'd by t lu' ac(piisi- 
tion of ])etaloid markings, mon' oi* less obscin ing the primitive' radiat- 
ing line's which otherwise would have' been formed. 

In the Comatiilida, ste'in develojime'ut ce'ase's when the first nodal is 
formed; but the nodal itself greatly incre'ase's in size, and usually 
adds several additional I'ows of ciiri to the tiist ; coincident ally the' 
basals slip fartlier and farthei’ inward, disappe'aring from sight :dto- 
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fiisin^^ .<;o jis (o fonu (lio .so-cjtlU'd ros('(t<‘: (licstoni, now 
Ix'conu' too dclicalc' to support llic <rrowin^" aidimd, l)i'oaks ofl’ at (he 
niodiPied articulation just under the imdal, and the animal become.s a 
so-called IV('e f(U'in. 

It is int(M-estin^ to notice that in the adult.s of the Pentacriniti<he 
and (’oniatulida the radials have iinderj^one a consid('ral)l(* chanoje 
comparahle to that under^^one hv the hasals. Primarily lar<;e broad 
plates foiinini!: an imiiortant |)art of (he calyx wall, as se(‘u in the 
Ptiloci-inida, they have gradually become recumbent, and have 
attained an almost or <piite horizontal |)osition. Their inferior ends, 
ori^dnally abutting' on the superior ends of the hasals, with which 
thev form, as in th(‘ youny of Antfdon, a smooth, re<;ularly-rounded 
cup. have, as (he hasals ix'canu' more and more rc'cumhent, gradually 
slipped inward, so as to become attached to what was at first the 
inner side of tin' hasals. When the radials in tluur turn became 
recumbent their lower ends slipped inward along the u])per (origi- 
nallv inner) surface of (he hasals, so that (inally (he radials come to 
fm-m a circh-t of almost or (piite horizontal [dates, supiuposed upon 
the similar circlet (d’ horizontal hasals. The infrahasals long ago 
underwent a similar tr.ansformat ion, and in (he Comatulida and in 
th(' ])entacrinil(> genus hlndoxocriniifi Iuiax' been cpiiti' lost. Morpho- 
logicallv, theri'fore, the calyx of (he Comatulida and Pentaci’initiihe 
is com])os(xl of thrix^ alternating cindets of five plates each, supei- 
])os(xl horizontallv upon <*a(di otlu'r, so that th(' first two have entirely 
lost (ludr original function of s(*rving as a jU’otection to the calyx con- 
tents, and th(‘ third, or UjipeiMnost. m(*r(dy forms the central ])art of 
lh<‘ calyx floor, having for its <dii('f function (he supjiort of (he arms. 

d'h(‘ (dianges undergone by (he plativs of the calyx which primarily 
form a cuj) about the calyx contemts ar(‘ jiccompanied by a gradual 
(‘xtiaision of the calyx con(<Mi(s. so (hat these (the so-called disk) 
coiiK' to be sup|)orted more and moiv by the arm bases, and in (he 
P<‘nlacrinili(he and Comatulida rc'st upon (he post-r.adial o.ssi(d(‘s toand 
imduding tiu' sex-ond <»f the undivid(xl arni. In many cas(*s these ossi- 
cle's hav(> sj)read out laterally, and an' in close lateral a pposition, so 
that tlu'V Inn’c taken on the' function of tlu' original calyx plates and 
form a solid calc.are'ous wall ('iiclosing and ])rotec(ing (he ''soft parts.’' 

ITxae'tly the same thing has taken j)lacc in Batln/crinufi, but by a 
raelically dilferent prexx'ss; inste'ad a diminution of the interior vol- 
ume' of the' e-alyx eaij) hv the' attainment gradually e>f a heerizontal 
peesiliem aiiel a slipping inwarel e>f the e-alyx j)kates, the hasals anel 
rsielials have' move'el inuaiel \\i(lu)ut at all changing their oi'iginal 
re'la(ie)nshij)s, but with the' same re'sidt e>f causing (he "soft parts" 
to be' e.Ntruele’d ami te> be' suppe)rteel by the post-raelial ossie'les. 

« ill j\h lirriiiiix, \v1ht(' (li«‘ liii.'^als arc rclaiiicel in tlic eaxielilion <>f lliose of 

lli<> I’ciUacriiiiiidic. 



